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© Electronic balance. 

© For transmitting a force due to a weight loaded 
on a weighing pan 3 to an electromagnetic weight 
sensor 2, a Robervai mechanism with sides 4 to 7 
and flexible joints 8 to 11, a lever mechanism 12 
with a fulcrum 15 and a connecting portion 13 for 
connecting the lever mechanism to the Robervai 
mechanism are formed integrally by cutting out a 
metallic block. Alternatives are to replace the block 
by two or more parallel plates joined by spacers. 
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Electronic Balance 



Background of the Invention 



The present Invention relates to an electronic 
balance in which an improved Robervai mechanism 
is used. 

An electronic balance of a type in which the 
weighing pan is positioned above the weight re- 
ceiving mechanism has that weight receiving 
mechanism constituted in the form of a Robervai 
mechanism. The Robervai mechanism is a parallel- 
ogram consisting of four side members linked by 
means of pivots or elastic joints. Two of the four 
side members are kept vertical with one fixed so as 
not to move and with the other prolonged upward 
to support the weighing pan. In many cases the 
fixed vertical side member is replaced by a vertical 
column-fike member integrated with or fixed to the 
base frame of the balance. The other (not fixed) 
vertical side member supporting the weighing pan 
is accompanied by a lever mechanism for transmit- 
ting a weight force given on the weighing pan to an 
electronic weight sensor. Thus the weight loaded 
on the weighing pan is transmitted to the weight 
sensor through the Robervai and the lever mecha- 
nisms. 

However, since such a weight force transmit- 
ting system consists of a plurality of separate con- 
sistuents such as the lever mechanism, the four 
side members of the Robervai mechanism, and the 
pivots or the elastic joints, the system is made very 
complicated. In addition these constituents are in 
general made of different materials; the Robervai 
mechanism and the lever are, for example, made 
of die-cast aluminum alloy, while the joint members 
such as the pivots and elastict joints are of steel. 
These constituents are assembled to form the 
weight force transmitting system by using bolts, 
nuts, adhesives and other suitable connecting or 
fixing means. Therefore, the difference in thermal 
expansion coefficient among the materials used 
may cause, when the ambient temperature varies, 
the system to be distorted and, as a result, may 
give variations to the friction at the pivotally jointed 
portions and to the elasticity of the elastic joints. 
The conventional electronic balance is thus accon- 
panied by the risk that the precision and stability 
are affected by the ambient tenperature variations. 



Objects and Summary of the Invention 



The present invention aims at eliminating the 

s disadvantages accompanying a convention elec- 
tronic balance owing to the conventional weight 
force transmitting mechanism as mentioned above, 
and makes it an object to provide an electronic 
balance made free from the adverse effect of am- 

io bient temperature variations with an improved 
weight force transmitting system employed. 

Another object of the present invention is to 
constitute such an improved weight force transmit- 
. ting system in a sinple construction. 

75 A further object of the present invention is to 

make it possible to easily provide various such an 
improved weight force transmitting systems having 
different sensitivity. 

A weight force transmitting system based on 

20 the principal idea of the present invention is made 
up of one body in which a Robervai and a lever 
mechanisms are integrated by cutting out from a 
metal block a pattern integrating both the mecha- 
nisms including all joint portions concerned. Ac- 

25 cording to the present invention, another type of 
weight force transmitting system can be fabricated 
by assembling a plurality of unit systems similar to 
the above weight force transmitting system in par- 
allel to one another with the unit systems cut out 

30 not from a metal block but from a metal plate. 

According to the weight force transmitting sys- 
tem based on the present invention the Robervai 
mechanisms, lever mechanism and related • joint 
portions are integrated in one body made of the 

35 same material, and therefore the disadvantages 
mentioned previously in regard to a conventional 
electronic balance are completely eliminated in 
substance. In addition the manufacturing process is 
very much simplified because the system is sub- 

40 stantially completed only by being cut out from a 
nother metallic material. 



45 



Brief Description of the Drawings 



In the following the present invention is de- 
scribed in further detail on reference to accom- 
panying drawings, in which: 
so Fig. 1 shows a cross-sectional view of the 

electronic balance which is an embodiment of the 
present invention; 
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Fig. 2 shows a partial perspective view illus- 
trating the detail of the portion connecting the lever 
to the Roberval mechanism, both being shown in 
Fig. 1; 

Fig. 3 shows a perspective view of the above 
embodiment shown in Fig. 1. with the weighing pan 
removed; 

Fig. 4 shows the front view of another em- 
bodiment of the present invention: 

Fig. 5 shows a plan view of the embodiment 
shown in Fig. 4, with the weighing pan removed: 

Fig. 6 shows the cross-sectional view taken 
along line M of Fig. 4: 

Rg. 7 shows a perspective view of the em- 
bodiment shown in Figs. 4. 5 and 6. with the 
weighing pan removed; 

Rg. 8 shows the front view of a further 
embodiemnt of the present invention; 

Rg. 9 shows a plan view of the embodiment 
shown in Fig. 8, with the weighing pan removed; 

Fig. 10 shows the cross-sectional view taken 
along line IM! of Rg. 8; 

Rg. 11 shows a perspective view of the 
embodiment shown in Rgs. 8, 9 and 10. with the 
weighing pan removed; and 

Rgs. 12(a) and 12(b) show the patterns of 
the frame plates used in the embodiment shown in 
Figs 8 to 11. 

Rg. 13 shows the front view of a still further 
embodiment of the present invention. 



Detailed Description of the Invention 

Referring to Rg. 1 , which shows the front view 
of the electronic batance embodied as an embodi- 
ment of the present invention, the force due to a 
weight loaded on a weighing pan 3 is to be trans- 
mitted to an electromagnetic force transducer 2 
through a weight force transmitting system 1. The 
system 1 is made of a die-cast block of aluminum 
alloy from which both a Roberval mechanism and a 
lever mechanism are cut out so as to make both 
the mechanisms integrated in one continuous sys- 
tem. In the weight force transmitting system 1, the 
Roberval mechanism forms a parallelogram con- 
sisting of four side portions 4, 5, 6 and 7 kept 
continuous with thinned resilient portions 8, 9, 10 
and 11. Of the four side portions 4 to 8. one 
vertical side portion 7 is fixed to a frame 17 by 
means of bolts 18 and 19, while another vertical 
portion 5 supports the weighing pan 3 through a 
pan suport 20. On the other hand the lever 
mechanim consists of a lever 12 and a connecting 
portion 13 connecting the lever 12 to the vertical 
side portion 5 of the Roverval mechanism. Two 
thinned resilient portions 14 and 16 provided at 
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both ends of the connecting portion 13 are to 
enable a force to be resistlessly transmitted be- 
tween the lever 12 and the vertical side portions 5 
of the Roberval mechanism, while a thinned resil- 

5 ient portion 15 functions as the fulcrum of the lever 
12. To the free end of the lever 12 is fixed a force 
coil 24. which is one of the constituents of an 
electromagnetic force transducer 2 consisting of 
said force coil 24, a permanent magnet 21. a pole 

?o piece 22 and a yoke 23. The electromagnetic force 
transducer 2 offsets the aeflection of ;he ever 12 
with the force coiol 24 supplied with a force-con- 
pensating current from an electronic control circuit 
(not shown) in accordance with an output signal 

is from a lever deflection detector (not shown) for 
detecting the deflection of the lever 12. Such an 
electronic weight sensing system is not described 
in further detail here because it not only belongs to 
a well known technology but also is outside the 

20 subject of the present invention. With the weight 
force transmitting system 1 only constituted as 
described above, if the weighing pan 3 is loaded 
with a weight such that the weight distribution of 
the weight is partial perpendicularly to the length 

25 direction of the weight force transmitting system 1, 
a torsional force acts on the vertical side portion 5 
of the Roberval mechanism. To prevent this un- 
desirable torsional force from being transmitted to 
the lever 12, the connecting portion 13 has its 

30 width cut down narrow in the middle of its length, 
as is illustrated in Rg. 2, to form there a thin 
resilient neck 13a. This resilient neck 13 absorbs 
the torsional force and prevents it from being trans- 
mitted to the lever 12. A perspective view of this 

35 embdiment is shown in Rg. 3, in which, however, 
the weighing pan 3 is removed. 

In the following another embodiment of the 
present invention is described according to Figs. 4 
to 7, in which the constituents and portions cor- 

40 responding to those defined in the above embodi- 
ment are indicated with the same reference nu- 
merals and signs as those used in Figs. 1 to 3. and 
the detailed descriptions of those constituents and 
portions are omitted in sub substance. 

45 According to Fig. 4, which shows the front view 

of this embodiment, the external appearance of the 
same is very similar to to that of the preceding 
embodiment In this embodiment, however, the 
weight force transmitting system 1 is made not of a 

so single metal block, but of two metal plates kept 
parallel to each other with spacers purposefully 
interposed therebetween. The two metal plates 
(indicated with reference signs Ti and T2 in Rgs. 
5, 6 and 7) are cut out substantially in the sane 

55 pattern as the weight force transmitting system 
usedin the preceding embodiment. As is under- 
stood from Rgs. 5, 6 and 7, which respectively 
show the plan view (with the weighing pan 3 re- 
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moved), the cross-sectional view taken along line I- 
t of Fig. 4 and a plan view (with the weighing pan 3 
removed), all being of the present embodiment, the 
corresponding Roberval mechanism parts 
(consisting of their respective side portions 4. 5, 6 
and 7) and lever parts 12 of the two plate T- and 
T 2 are fixed, with the thinned resilient portions 8 to 
11 and 14 to 16 excluded, to each other with their 
respective spacers 4a (Figs. 5.6 and 7). 5a (Figs. 5 
and 7). 6a (Fig. 6) and 7a (Figs. 5 and 7) inter- 
posed therebetween. This enbodiment can be fur- 
ther nodified by increasing the number of such 
frame plates cut out substantially in the same pat- 
tern as the weight force transmitting systems em- 
ployed in the above embodiments. In the following, 
one of such nodifictions is described on reference 
to Figs. 8 to 12(a) and (b). 

In this nodified embodiment, the weight force 
transmitting system 1 consists of three frame 
plates Ti . T 2 and T 3 fixed assembled with spacers 
interposed. According to this embodiment, how- 
ever, two outer plates T« and T2 are lacking in their 
respective iever portions, as is best shown in Fig. 
10. which the cross-section taken along line ll-ll of 
Fig. 8 showing the front view of this embodiment 
Figs. 9 and 11 respectively show the plan view and 
a perspective view, both being of this embodiment 
with their respective weighing weighing pans 3 
removed. In Figs. 9 to 11 reference signs 4b to 7b 
and 4c to 7c indicate spacers. Further. Figs. 12(a) 
and (B) are given to show the the patterns of the 
frame plate T- , T 2 and T3. 

Although, in every embodiment described 
above, an electromagnetic force transducer 2 is 
used as a constituent of the weight sesnsing 
means, it is needless to say that the present inven- 
tion can be embodied by replacing such a force 
transducer with any suitable known sensors such 
as a vibrating string type, a tuning fork type, a 
capacitor type, an induction coil type, a strain 
gauge type and others. As an example. Fig. 13 
shows an embodiment in which a tuning fork type 
sensor 2a is used. In this embodimet the strain 
gauge 2a is located outside the weight force trnas- 
mitting system 1 with the lever 12 extended out- 
ward by an extension arm 12b. 

According to the present invention, sensitivity 
of the weight force transmitting system depends 
both on the thickness of the block constituting the 
systen and on the depths of cutting down at the 
thinned resilient portions 8 to 1 1 and 14 to 16 in 
case of the type shown in Rgs. 1 to 3, and also on 
the number of frame plates in case of the types as 
shown in Figs. 4 to 7 and 8 to 11. However, if the 
system is applied to a zero-method of balancing, 
the sensitivity is made substantially free from the 
dependency on the above mentioned cutting 
depths, which are limited by the mechanical 



strength required for the system. Therefore, the 
present invention, though embodied with various 
types of weight sensors as mentioned above, is 
best embodied by employing such a zero-method 

5 sensing method as that using an electromagnetic 
force transducer. 

Electric wire-spark machimnig «s one of the 
suitable methods *or cutting out :he weight force 
transmitting system or the frame piaies constituting 

10 the system. However, if sucn a merhca is used, the 
cut surfaces must be surface-treated, for instance, 
by means of chemical treatment for the purpose of 
removing any possible adverse effect produced on 
the surfaces by the heat of electric sparking. 

75 

Claims 

1. An electronic balance in which a force due 
20 to a weight loaded on a weighing pan supported by 

a Roberval mechanism is transmitted to an elec- 
tronic weight sensing means through said Roberval 
mechanism and a lever mechanism interposed be- 
tween said Roberval mechanism and said elec- 

25 tronic weight sensing means, characterized in that 
said Roberval mechanism, said lever mechanism 
and a connecting member connecting said lever 
mechanism to said Roberval mechanism are con- 
stituted in one body by cutting out integratediy 

30 from a metallic block a Roberval mechanism (4 to 
7, 8 to 11), a lever mechanisn (12. 15) and a 
connecting member (13) together with thinned re- 
silient portions (14; 16) for enabling the connecting 
member (13) to function resistlessly in substance, 

35 the connecting member (13) connecting the lever 
mechanism (12, 15) to the Roberval mechanism (4 
to 7, 8 to 11). 

2. An electronic balance defined in Claim 1. 
wherein said connecting member has its width cut 

40 down narrow partially to form a neck-shaped por- . 
tion. 

3. An electronic balance in which a force due 
to a weight loaded on a weighing pan supported by 
a Roberval mechanism is transmitted to an elec- 

45 tronic weight sensing means through said Roberval 
mechanism and a lever mechanism interposed be- 
tween said Roberval mechanism and said elec- 
tronic weight sensing means, characterized in that 
said Roberval mechanism, said lever mechanism, 

50 and a connecting member connecting said lever 
mechanism to said Roberval mechanism are con- 
stituted of a plurality of frame plates assembled in 
parallel to one another with spacers interposed, 
each of said frame plates being made of a metallic 

55 plate from which are integratediy cut out patterns 
substantially equal to those of the Roberval mecha- 
nism, the lever mechanism, the connecting mem* 
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ber ana the thinned resiiient portions, all Deing 
constituted, in Claim 1. by being cut out from a 
metallic block. 

4. An electronic balance defined in Claim 1. 2 

or 3. wherein said electronic weight sensing means 5 
is a weight sensor of a zero-method of balancing 
type. 

5. An electronic balance defined in Claim 4, 
wherein said weight sensor of zero-methoa balanc- 
ing type comprises an electromagnetic force tans- ;o 
ducer (21 to 24). 
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0 Electronic balance. 

@ For transmitting a force due to a weight loaded 
on a weighing pan 3 to an electromagnetic weight 
sensor 2, a Roberval mechanism with sides 4 to 7 
and flexible joints 8 to 11, a lever mechanism 12 
with a fulcrum 15 and a connecting portion 13 for 
connecting the lever mechanism to the Roberval 
mechanism are formed integrally by cutting out a 
metallic block. Alternatives are to replace the block 
by two or more parallel piates joined by spacers. 
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